The present study was designed to investigate the prognostic significance of the preoperative sensitive-modified Glasgow prognostic score (S-mGPS) and its superiority in esophageal squamous cell carcinoma (ESCC). Clinicopathologic characteristics, preoperative albumin and C-reactive protein (CRP) levels were retrospectively collected in 442 patients who underwent transthoracic esophagectomy. The S-mGPS was calculated before surgery based on optimal cutoff values of 45.6 g/L for albumin and 10.0 mg/L for CRP. 360, 74 and 8 cases were assigned an mGPS of 0, 1 and 2, respectively. In contrast, the S-mGPS was 0 in 114, 1 in 258 and 2 in 70 patients. Of the 360 patients with an mGPS of 0, 246 migrated to the S-mGPS-1 group. Both mGPS and S-mGPS were significantly correlated with tumor length, depth of invasion, pathological tumor-node-metastasis (pTNM) stage and adjuvant treatment. In addition, they were significantly associated with disease free survival (DFS) and overall survival (OS) in univariate analysis. Furthermore, multivariate Cox regression analysis identified S-mGPS as an independent prognostic indicator for both DFS [hazard ratio (HR), 1.577; 95% confidence interval (CI), 1.149-2.163; P = 0.005] and OS (HR, 1.762; 95% CI, 1.250-2.484; P = 0.001), but not mGPS (HR, 0.957; 95% CI, 0.692-1.323; P = 0.790 for DFS and HR, 1.089; 95% CI, 0.781-1.517; P = 0.615 for OS, respectively). Moreover, subgroup analysis revealed that the prognostic impact of the S-mGPS was especially striking in pTNM stage II patients. The preoperative S-mGPS is superior to the mGPS as a prognostic predictor in patients with resectable ESCC.
INTRODUCTION
Esophageal cancer is the sixth most common malignancy and fourth highest cause of cancer-related death in China [1] . It has two main pathological subtypes: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EAC). ESCC is the predominant subtype in certain regions of China [2] [3] [4] [5] . Esophagectomy with lymph node dissection is a potentially curative treatment modality, however, the prognosis remains poor, with a reported 5-year overall survival (OS) rate of less than 40% [3] [4] [5] .
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Modified Glasgow prognostic score (mGPS), which is defined based on the serum concentrations of C-reactive protein (CRP) and albumin [6] , has been identified as a prognostic predictor in various malignancies, including ESCC [7] [8] [9] [10] . Zhang et al. suggested that mGPS was an independent prognostic indicator for overall survival (OS) and progression free survival (PFS) in inoperable thoracic ESCC patients undergoing chemoradiotherapy [7] . However, several recent studies failed to identify its independent prognostic significance in ESCC patients who underwent esophagectomy [11] [12] . Just as they indicated, as the majority of the included patients were classified in the group of a score of 0, mGPS could not distinguish the survival difference of most of the cases.
Previous studies have indicated that albumin levels were not always decreased in operable esophageal cancer patients, making nutritional deficiency insufficient for risk stratification [13] [14] [15] . In addition, the preoperative albumin-globulin score (AGS) determined with a cutoff value of 45.6 g/L for albumin has been identified as an independent predictor for OS in resectable ESCC [11] . Thus, we hypothesized that a more sensitive mGPS (S-mGPS) by defining an albumin cutoff value of 45.6 g/L in addition to the mGPS might show more superiority in predicting the long-term survival.
Therefore, the purpose of the present study was to calculate and compare the prognostic significance of the preoperative mGPS and S-mGPS in patients with ESCC who underwent esophagectomy with lymphadenectomy.
PATIENTS AND METHODS

Patients
A total of 442 patients with histopathologically diagnosed ESCC underwent radical transthoracic esophagectomy at the Department of Thoracic Surgery, Anhui Cancer Hospital and Anhui Provincial Hospital between January 2005 and December 2010 were included in this study. Patients who received preoperative chemotherapy or chemoradiotherapy were excluded. And this study was approved by the independent ethics committees at our institution and was performed in accordance with the ethical standards of the World Medical Association Declaration of Helsinki.
Treatment and follow up
The surgical procedures included both left and right transthoracic esophagectomy with curative intent, and at least a two-field regional lymphadenectomy, including standard, extended, or total dissection of the cervical, thoracic and abdominal lymph nodes, was performed. And the median number of dissected lymph nodes was 19 (range, 12-89). Adjuvant treatment was planned according to the tumor stage, doctor's selection and patient's desire. All patients were regularly followed with physical examination, upper gastrointestinal endoscopy, tumor marker and computed tomography every 3 months for the first 2 years, every 6 months in the third year and yearly thereafter for more than 5 years.
Clinicopathologic and laboratory parameters
Patients' baseline clinicopathologic and laboratory variables including preoperative serum albumin and CRP levels were retrospectively reviewed and collected from the electronic medical records. The tumor stage was determined according to the pathological tumor-nodemetastasis (pTNM) classification of the International Union Against Cancer (UICC), seventh edition. The tumor length was defined as the long diameter of the general post-operative pathological specimens. The degree of differentiation was categorized into poorly/ not differentiated, moderately differentiated and well differentiated. And the tumor locations were classified into upper esophagus, middle esophagus and lower esophagus. The preoperative serum concentrations of albumin and CRP were measured by an automatic biochemical analyzer (Hitachi 7600, Japan) within 3 days prior to surgery.
Definition of the modified Glasgow Prognostic Score (mGPS) and sensitive mGPS (S-mGPS)
The mGPS was determined as previously described: patients with an elevated CRP ( > 10.0 mg/L) level and decreased albumin ( < 35.0 g/L) were assigned a score of 2, those with both elevated CRP and albumin ( > 35.0 g/L) levels were allocated a score of 1 and those with a normal CRP level ( < 10.0 mg/L) were given a score of 0.
As for S-mGPS in the present study, the optimal cut-off value for serum albumin was set at 45.6 g/L based on the receiver operating characteristic (ROC) curve analysis, which was in accordance with the previous report by Zhang et al. [11] . Patients with elevated CRP ( > 10.0 mg/L) and decreased albumin ( < 45.6 g/L) levels were allocated a score of 2, those with only one of these two abnormalities were assigned a score of 1, and those with neither of the two abnormalities were classified as having a score of 0.
Statistical analysis
Chi-square test, Mann-Whitney U test or KruskalWallis test was used to examine the differences of baseline and clinicopathologic characteristics between groups. Disease free survival (DFS) was defined as the date of surgery to local recurrence/distant metastasis or to the www.impactjournals.com/oncotarget last date of follow-up, OS was the time interval from the date of surgery to death from ESCC or to the most recent follow-up. Survival curves were estimated with the Kaplan-Meier method, and differences were compared using the log-rank test. Univariate and multivariate analysis were performed using Cox proportional hazards regression models and hazard ratios (HRs) for variables respecting to DFS and OS were calculated. All statistical analyses were performed with SPSS 16.0 (SPSS Inc., Chicago, IL, USA). And a two-sided P value of < 0.05 was considered statistically significant.
RESULTS
Baseline clinicopathologic characteristics
Of the patients, 331 (74.9%) were males and 111 (25.1%) were females, with a median age of 60.0 years (range, 20.0-88.0 years). The primary tumors were located at the middle esophagus in 277 (62.7%) cases. The histopathological type was moderately differentiated in 227 (51.5%) cases. And the tumor was classified as stage I in 40 (9.0%) patients, stage II in 209 (47.3%) patients and stage III in 193 (43.7%) patients, respectively (Table 1 ). mGPS, modified Glasgow prognostic score; S-mGPS, sensitive-modified Glasgow prognostic score; ESCC, esophageal squamous cell carcinoma; TNM, tumor-node-metastasis. *P < 0.05.
Correlation between preoperative mGPS, S-mGPS and clinicopathologic parameters
Of the included 442 patients, 360 had a preoperative mGPS of 0, 74 had an mGPS of 1 and 8 had an mGPS of 2. The results demonstrated that the mGPS was significantly correlated with tumor length, pT stage, pTNM stage and adjuvant treatment (Table 1 ). In contrast, 114 (25.8%), 258 (58.4%) and 70 (15.8%) patients were classified as having an S-mGPS of 0, 1 and 2, respectively (Table 1) . Moreover, of the 360 patients with an mGPS of 0, 246 migrated to the S-mGPS-1 group, whereas none exhibited an S-mGPS of 2 ( Table 2 ). The S-mGPS was confirmed to be significantly associated with age, tumor length, pT stage, pTNM stage, alcohol consumption and adjuvant treatment ( Table 1) .
Prognostic value of the preoperative mGPS and S-mGPS in predicting long-term survival for ESCC
Two hundred and thirty-five patients died during the follow-up period, with an estimated median DFS and OS of 35.6 months (95%CI, 24.3-46.9 months) and 57.4 months (95%CI, 37.8-77.0 months), respectively.
Univariate survival analysis for DFS demonstrated that both high preoperative mGPS (HR, 1.405; 95%CI, 1.044-1.893; P = 0.025; Figure 1A ) and S-mGPS (HR, 1.702; 95%CI, 1.259-2.302; P = 0.001; Figure 1C ) were significantly associated with unfavorable DFS. Gender (Male/Female), tumor length ( < 5/≥5 cm), depth of invasion (T1-2/T3-4), lymph node involvement (Negative/ Positive), pTNM stage (I-II/III), smoking (Never/Ever), alcohol consumption (Never/Ever), adjuvant treatment (Yes/No) were other significant prognostic parameters (P < 0.05). After adjusting for other confounding variables, the multivariate Cox proportional hazards model revealed that S-mGPS (HR, 1.577; 95% CI, 1.149-2.163; P < 0.001) and pTNM stage (HR, 2.081; 95% CI, 1.596-2.713; P < 0.001) were two independent predictors for DFS. Unfortunately, mGPS failed to be an independent prognostic indicator for DFS (HR, 0.957; 95% CI, 0.692-1.323; P = 0.790) ( Table 3) .
As for OS, patients with high preoperative mGPS (HR, 1.583; 95% CI, 1.165-2.151; P = 0.003; Figure 1B ) and S-mGPS (HR, 1.875; 95% CI, 1.351-2.603; P < 0.001; Figure 1D ) tended to have impaired OS by univariate analysis. Besides, other variables including tumor length, depth of invasion, lymph node involvement, pTNM stage, alcohol consumption and adjuvant treatment could also predict OS. Further multivariate analysis identified preoperative S-mGPS (HR, 1.762; 95% CI, 1.250-2.484; P = 0.001) and pTNM stage (HR, 2.189; 95% CI, 1.657-2.893; P < 0.001) as independent prognostic factors for OS, but not mGPS (HR, 1.089; 95% CI, 0.781-1.5173; P = 0.615) ( Table 4 ).
In addition, the 246 patients who migrated to the S-mGPS-1 group demonstrated significantly more poorer DFS and OS than those who remained in the S-mGPS-0 group (Figure 2) . Moreover, subgroup analysis based on different pTNM stages indicated that high preoperative S-mGPS was significantly correlated with unfavorable DFS, overall survival. *P < 0.05. OS, overall survival. *P < 0.05. DFS and OS in pTNM stage II patients (Figure 3C-3D ; P < 0.05), but not in pTNM stage I or III patients ( Figure  3A -3B, 3E-3F; P > 0.05).
DISCUSSION
mGPS, a cumulative prognostic score based on cutoff values of 35.0 g/L for serum albumin and 10.0 mg/L for CRP, was first advocated by McMillan with the aim to more accurately predict the prognosis of various malignancies [6] . However, the weak point of this scoring system was that patients with abnormal mGPS levels were the minority, resulting in its ability to identify a special small cohort of patients with an impaired prognosis [11] [12] 16] . Actually, of the 442 patients in the present study, the vast majority of the cases were classified to the mGPS-0 group, whereas only 82 (18.6%) were assigned an mGPS of 1 or 2, which was in accordance with prior studies [11] [12] .
To address this weak point, this study adopted the more sensitive cutoff value of 45.6 g/L for albumin, which was determined based on the ROC curves and reported by Zhang et al. as an alternative [11] . The multivariate Cox regression analysis revealed that the preoperative S-mGPS could serve as an independent prognostic indicator in comparison with the mGPS. Besides, of the 360 cases with an mGPS of 0, 246 migrated to the S-mGPS-1 group and they demonstrated significantly unfavorable prognosis when compared to those with an S-mGPS of 0, suggesting that the S-mGPS could predict the prognosis more sensitively than the mGPS. Additionally, the S-mGPS could also be utilized to identify patients who were with significantly poorer prognosis in the mGPS-0 group. Furthermore, subgroup analysis suggested that the preoperative S-mGPS demonstrated significant prognostic difference in pTNM stage II patients, indicating that further intense adjuvant treatment should be considered in certain patients. However, no survival difference was identified in pTNM stage I or III patients, although standard therapeutic strategies for these patients remain critical and controversial. It might be the limitation of the preoperative S-mGPS as a prognostic factor in patients with resectable ESCC.
Previous studies have demonstrated that decreased albumin levels could not be commonly observed in early or locally advanced esophageal caner patients, leaving it insufficient for risk classification [13] [14] [15] . Recently, two studies observed better nutrition status in operable esophageal cancer patients than in those with metastatic disease [11, 15] . Matsuda et al. defined the serum albumin cut-off value as 38.0 g/L according to the lower quartile range, and showed that the prognostic indicator based on preoperative plasma fibrinogen and serum albumin levels (FA score) was remarkably predictive of postoperative survival in esophageal cancer patients [15] . Meanwhile, Zhang and his colleagues established the preoperative albumin-globulin score (AGS) based on a cutoff value of 45.6 g/L for albumin, and identified its independent prognostic significance for OS in resectable ESCC [11] . Thus, the cut-off value of 45.6 g/L was used in the present study, and the multivariate survival analysis determined pTNM stage and the preoperative S-mGPS as independent prognostic indicators for DFS and OS.
Although this study was designed retrospectively and performed in a single-center, the present data strongly suggested that the preoperative S-mGPS could serve as an independent prognostic indicator and was superior to the mGPS in predicting long-term survival for ESCC patients who underwent transthoracic esophagectomy. However, it is still necessary to perform further prospective multicenter cohort studies to validate these findings.
